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a line that connects vertices of a cylindrical surface of the
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LENS AND LASER PROCESSING
APPARATUS EQUIPPED WITH THE LENS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a lens for laser processing
of'a material to be processed and a laser processing apparatus
equipped with the lens, and more particularly, to a lens for
processing a material to be processed into a member having
an arbitrary shape having a closed curve and a laser process-
ing apparatus equipped with the lens.

2. Background Art

Hitherto, a laser processing apparatus for processing a
material to be processed such as a glass substrate into a
member having an arbitrary shape by illumination of a laser
light has been known.

For example, as the laser processing apparatus, a technique
of'forming a processing region having a desirable shape using
a moving mechanism for moving a cylindrical lens or a mov-
ing mechanism for moving a stage on which a material to be
processed is loaded is suggested in Japanese Unexamined
Patent Application Publication No. 2010-158715 or Japanese
Unexamined Patent Application Publication No. 2010-
284712.

For example, when a processing shape is cat into an arbi-
trary shape having a closed curve such as a circle, a rounded
rectangle, or a rounded triangle, the above-described laser
processing apparatus needs to control a moving mechanism
for moving a lens itself or a moving mechanism for moving
the stage (support table) itself on which the material to be
processed is loaded.

For example, when a circular member is cut, the following
method is used. FIGS. 2A and 2B are diagrams illustrating a
case where laser processing is performed by using a biconvex
lens 7B according to an embodiment of the related art. As
illustrated in FIG. 2A, a material to be processed 5 can be cut
into a circular member by a laser light transmitted through the
biconvex lens 7B. At this time, in order to cut the circular
member from the material to be processed 5, as illustrated in
FIG. 2B, the laser processing apparatus has to allow the laser
light to illuminate the material to be processed 5 to draw a
circle by moving the biconvex lens 7B in a circle. Otherwise,
the laser processing apparatus fixes the biconvex lens 7B and
moves the stage itself on which the material to be processed 5
is loaded in a circle to cut the circular member.

Therefore, time for the movement control or the laser pro-
cessing is needed, a movement controller of the lens or a
movement device of the material to be processed needs to be
mounted, and thus there becomes a large scale problem in the
entire apparatus.

In addition, a case where a convex cylindrical lens having
a semicylinder shape illustrated in FIG. 3 is used instead of
the biconvex lens is also the same as the above case. FIGS. 4A
and 4E are diagrams illustrating a case where member pro-
cessing is performed by a convex cylindrical lens 7C accord-
ing to an embodiment of the related art. For example, when a
rectangular member is cut, as illustrated in FIG. 4A, a mate-
rial to be processed 5 is processed by a laser transmitted
through the convex cylindrical lens 7C. At this time, in order
to cut the rectangular member from the material to be pro-
cessed 5, as illustrated in FIG. 4B, the convex cylindrical lens
7C is linearly moved. In addition, the laser processing appa-
ratus allows the laser to illuminate the material to be pro-
cessed 5 to draw a rectangle by moving the convex cylindrical
lens 7C. Otherwise, the laser processing apparatus fixes the
convex cylindrical lens 7C and moves the stage itself on
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which the material to be processed 5 is loaded in a rectangle
or moves or rotates the stage to cut the rectangular member.

Therefore, similarly, time for the movement control or the
laser processing is needed, a movement controller of the lens
or a movement controller of the material to be processed
needs to be mounted, and thus there becomes a large scale
problem in the entire apparatus. Therefore, the present inven-
tion provides a lens which enables a reduction in time for laser
processing and a reduction in size without an unnecessary
movement controller being mounted in a laser processing
apparatus, and a laser processing apparatus equipped with the
lens.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, a lens is
mounted in a laser processing apparatus for processing a
material to be processed into a member having an arbitrary
shape having a closed curve. A convex cylindrical lens is
molded to have a closed path so that a line that connects
vertices of a cylindrical surface of the convex cylindrical lens
has the same form as the arbitrary shape having the closed
curve.

The “vertices” are the highest points of the cylindrical
surface of the convex cylindrical lens.

“A line that connects vertices of a cylindrical surface of the
convex cylindrical lens has the same form as the arbitrary
shape having the closed curve” indicates that the shape of the
member having the arbitrary shape having the closed curve
which is to be processed by the laser processing apparatus has
the same shape or substantially the same shape as the line that
connects the vertices of the cylindrical surface of the convex
cylindrical lens. For example, when the laser processing
apparatus processes a circular member, the line that connects
the vertices of the cylindrical, surface of the convex cylindri-
cal lens is a circular shape. In addition, the line that connects
the vertices of the cylindrical surface of the convex cylindrical
lens may have a circular shape overall, and may also have a
partial difference due to slight unevenness. In addition, when
the laser processing apparatus processes the circular member,
the line that connects the vertices of the cylindrical surface of
the convex cylindrical lens may have a circular form and may
not necessarily have the same size.

“To mold” refers to shaping a lens. Specifically, molding
using a mold, molding by grinding, molding by etching, and
the like may be employed.

“To process” refers to ousting the material to be processed
into the member having the arbitrary shape having the closed
curve. Specifically, the member having the arbitrary shape
having the closed curve is cut. Otherwise, cutting the material
to be processed into the shape of the member having the
arbitrary shape having the closed curve may be employed.

According to another aspect of the present invention, a
laser processing apparatus for processing a material to be
processed into a member having an arbitrary shape having a
closed curve, includes: a lens which is molded to allow a
convex cylindrical lens to have a closed path so that a line that
connects vertices of a cylindrical surface of the convex cylin-
drical lens has the same form as the arbitrary shape having the
closed curve.

In the laser processing apparatus according to the above
aspect of the present invention, the lens may be a hollow lens
including: an incident surface portion which is formed in the
cylindrical surface of the convex cylindrical lens and on
which a light emitted from a light scarce is incident; an exit
surface portion from which the light emitted from the light
source exits; an outer surface portion which is positioned in
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outer surfaces of the incident surface portion and the exit
surface portion; and a hollow surface portion which is posi-
tioned in inner surfaces of the incident surface portion and the
exit surface portion.

In the laser processing apparatus according to the above
aspect of the present invention, the lens may be provided with
a light shielding plate in a hollow part of the hollow lens.

The “light shielding plate” causes the light from the light
source not to be transmitted through the lens. For example, a
film-shaped or thin plate-shaped light shielding plate may be
employed. Specifically, a metal sheet may be employed. In
addition, a metallic material may be applied to the lens.

The laser processing apparatus according to the above
aspect of the present invention may control the light not to
illuminate the hollow part of the hollow lens when the light
from the light source illuminates the lens.

In the laser processing apparatus according to the above
aspect of the present invention, the member having the arbi-
trary shape having the closed curve may be a circular member.

In the laser processing apparatus according to the aspect of
the present invention, a light shielding material may be added
to the lens so that, when a curvature of a predetermined part of
the member having the arbitrary shape having the closed
curve is high, the light from the light source is not guided to
a region of substantially the half of the lens on the outer
surface portion side in the incident surface or the exit surface.

According to the lens and the laser processing apparatus
equipped with the lens according to the aspects of the present
invention, since the lens which is used for processing the
material to be processed into the member having the arbitrary
shape having the closed curve and is molded to allow the
convex cylindrical lens to nave the closed path so that the line
that connects the vertices of the cylindrical surface of the
convex cylindrical lens has the same form as the arbitrary
shape having the closed curve is used, when the material to be
processed is processed into the member having the arbitrary
shape having the closed curve by laser processing, time for
the laser processing can be reduced, and a reduction in the size
of the laser processing apparatus itself can be achieved.

When the lens and the lens of the laser processing appara-
tus equipped with the lens according to the aspects of the
present invention are the hollow lens including: the incident
surface portion which is formed in the cylindrical surface of
the convex cylindrical lens and on which the light emitted
from the light source of the laser processing apparatus is
incident; the exit surface portion from which the light emitted
from the light source exits; the outer surface portion which is
positioned in the outer surfaces of the incident surface portion
and the exit surface portion; and the hollow surface portion
which is positioned in the inner surfaces of the incident sur-
face portion and the exit surface portion, the light from the
light source can converge in a region where the member
having the arbitrary shape having the closed carve to be
subjected to the laser processing is processed.

When the lens and the lens of the laser processing appara-
tus equipped with the lens according to the aspects of the
present invention are provided with the light shielding mate-
rial in the hollow part of the hollow lens, the light from the
light source may not be allowed, to illuminate regions other
than the region where the member having the arbitrary shape
having the closed curve to be subjected to the laser processing
is processed.

When the lens and the laser processing apparatus equipped
with the lens according to the aspects of the present invention
control the light not to illuminate the hollow part of the hollow
lens when the light from the light source illuminates the lens,
light energy from the light source of the laser processing
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apparatus can efficiently illuminate the member having the
arbitrary shape having the closed curve to be subjected to the
laser processing.

When the light shielding material is added to the lens and
the lens of the laser processing apparatus equipped with the
lens according to the aspects of the present invention so that,
when the curvature of the predetermined part of the member
having the arbitrary shape having the closed curve is high, the
light from the light source is not transmitted through the
region of substantially the half of the lens on the outer surface
portion side in the incident surface portion or the exit surface
portion, the light from the light source can be allowed not to
be emitted to parts other than the predetermined part having
the high curvature.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11is a diagram illustrating a laser processing apparatus
in an embodiment of the present invention.

FIGS. 2A and 2B are diagrams illustrating laser processing
by a biconvex lens in an embodiment of the related art.

FIG. 3 is a diagram illustrating an example of a convex
cylindrical lens.

FIGS. 4A and 4B are diagrams illustrating laser processing
by a convex cylindrical lens in an embodiment of the related
art.

FIGS. 5A to 5C are diagrams illustrating a circular lens
molded in the embodiment of the present invention.

FIG. 6 is a plan view of the circular lens in the embodiment
of the present invention.

FIG. 7 is a diagram illustrating a relationship with a laser
which is incident on and exits from the circular lens in the
embodiment of the present invention.

FIG. 8 is a diagram illustrating a series of processes in the
embodiment of the present invention.

FIG. 9 is a diagram illustrating the result of convergence of
a light which is transmitted through the circular lens in the
embodiment of the present invention.

FIG. 10 is a diagram illustrating the circular lens to which
a light shielding material is added in the embodiment of the
present invention.

FIG. 11 is a system diagram illustrating control of a light
which is incident on the circular lens in the embodiment of the
present invention.

FIG. 12 is a diagram illustrating a triangular lens molded in
the embodiment of the present invention.

FIG. 13 is a diagram, illustrating a relationship with a light
which is incident on and exits from the triangular lens in the
embodiment of the present invention.

FIG. 14 is a diagram illustrating the triangular lens to
which the light shielding material is added in the embodiment
of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

A laser processing apparatus according to an embodiment
of'the present invention will be described with reference to the
drawings.

FIG. 1 is a diagram schematically illustrating a laser pro-
cessing apparatus 50 of the embodiment of the present inven-
tion. The laser processing apparatus 50 outs a member having
an arbitrary shape having a closed curve by illuminating a
material to be processed 5 made of glass with a laser light. The
laser processing apparatus 50 includes a stage 1, the material
to be processed 5 which is set on the stage 1, a laser light
source 10, a beam expander 15, a reflecting mirror 19, a
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homogenising device 20, a circular lens 7A, a controller 30,
and a personal computer 80 (hereinafter, referred to as a PC
80).

The laser light source 10 emits the laser light. The beam
expander 15 enlarges the diameter of the laser light emitted
from the laser light source 10 to be emitted. In addition, the
homogenising device 20 allows the laser light with the
enlarged diameter to be subjected to multiple reflections so as
to behomogenized and emitted, and examples thereofinclude
arod lens and a light pipe. The circular lens 7A transmits laser
light reflected by the reflecting mirror 19. The controller 30
controls the output of the light source 10, the position of the
stage 1, and the like.

Here, a lens according to the embodiment of the present
invention will be described in detail. The specific lens accord-
ing to the embodiment of the present invention is mounted in
the laser processing apparatus 50 which processes the mate-
rial to be processed 5 into the member having the arbitrary
shape having the closed curve, and a convex cylindrical lens
is molded to have a closed path so that a line that connects
vertices of a cylindrical surface of the convex cylindrical lens
has the same form as the arbitrary shape having the closed
curve.

The circular lens 7A will be described as an example of the
lens in the embodiment of the present invention. FIGS. 5A to
5C are diagrams illustrating the structure of the circular lens
7A.FIGS. 5A to 5C do not illustrate a manufacturing process
of'the circular lens 7A but simply illustrate a final form of the
circular lens 7A.

The circular lens 7A is molded, so that the line that con-
nects the vertices of the cylindrical surface of the convex
cylindrical lens illustrated in FIG. 5A becomes a circular
shape. The convex cylindrical lens of FIG. 5A is deformed to
draw a semicircle as illustrated in FIG. 5B and then, draw
substantially a circle as illustrated in FIG. 5C. Last, the con-
vex cylindrical lens is formed to have the closed path so that
the line that connects the vertices of the cylindrical surface of
the convex cylindrical lens is arranged in a circle.

The specific lens (the circular lens, a triangular lens which
will, be described later, or the like) in the embodiment of the
present invention is molded, for example, using a mold. Oth-
erwise, the lens may be molded by grinding, or may be
molded by etching.

The specific lens (the circular lens, a triangular lens which
will be described later, or the like) in the embodiment of the
present invention may be manufactured by any method as
long as the lens is finally formed in a desirable shape. FIG. 6
is a plan view of the circular lens 7A. As illustrated in FIG. 6,
the line that connects the vertices of the cylindrical surface,
which correspond to respective center points (vertices of the
cylindrical surface) of lines GL perpendicular to the cylindri-
cal surface from the center of the convex cylindrical lens,
made circular, and thus the material to be processed 5 can be
processed into a circular member having a radius r.

FIG. 7 is a diagram illustrating a relationship with the laser
light I which is incident on and exits from the circular lens
7A. The circular lens 7A is a hollow lens including: an inci-
dent surface portion 70 which is formed in the cylindrical
surface of the convex cylindrical lens and on which the light
emitted from the light source 10 of the laser processing appa-
ratus 50 is incident; an exit surface portion 71 from which the
light emitted from the light source exits; an outer surface
portion 72 which is positioned in the outer surfaces of the
incident surface portion 70 and the exit surface portion 71;
and a hollow surface portion 73 which is positioned in the
inner surfaces of the incident surface portion 70 and the exit
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6

surface portion 71. The hollow surface portion 73 is a side
surface part on the inside of the circular lens as illustrated in
FIG. 7.

Thelaser processing apparatus 50 emits the laser light from
the light source 10 to be incident on the incident surface
portion 70 and to exit from the exit surface portion 71 in the
circular lens 7A mounted. Therefore, the laser processing
apparatus 50 can process the circular member having substan-
tially the same radius as the radius r (for example, a length that
connects the center lines of the lines GL from the center of the
lens) of the circular lens 7 A illustrated in FIG. 6 through laser
processing. For example, when the material to be processed is
made of glass, the laser processing apparatus 50 can cut the
circular member through the laser processing. Specifically,
the laser processing apparatus 50 can easily cut a glass for
protection of a cellphone or a portable electronic device into
the circular shape. In addition, the material to be processed
may be plastic, silicon, or other materials for a substrate as
well as glass.

Next, a laser processing process in the laser processing
apparatus 50 having the above configuration will be
described. FIG. 8 is a flowchart illustrating a series of pro-
cesses for processing the member of the laser processing
apparatus.

First, an operator performs initial setting via the PC 80
(Step 1). Specifically, the operator inputs instruction infor-
mation to the PC 80 to set an output level of the light from the
light source 10 depending on the material of the material to be
processed 5. In addition, the operator inputs instruction infor-
mation to the PC 80 to move the position of the stage 1 on
which the material to be processed 5 is installed. The operator
may perform the initial setting by inputting the instruction
information to the PC 80, but the PC 80 may perform initial
setting through automatic processing and automatically gen-
erate the instruction information of the PC 80.

Subsequently, the controller 30 controls timing of laser
illumination of the light source 10 or movement of the stage
1 on the basis of the instruction information commanded by
the PC 80 (Step 2).

The light source 10 emits the laser light on the basis of the
control of the controller 30 (Step 3), the diameter of the laser
light emitted from the light source 10 is enlarged by the beam,
expander 15, and the luminance distribution of the laser light
is homogenized by the homogenizing device 20. In addition,
the laser light is reflected by the reflecting mirror 19 and is
thus incident on the circular lens 7A.

As illustrated in FIG. 7, the laser light which is incident on
the incident surface portion 70 of the circular lens 7A is
converged to cut the circular member. The laser processing
apparatus 50 performs the cutting of the circular member
(Step 4). As illustrated, in FIG. 6, the laser processing appa-
ratus 50 allows the laser light to be converted in the circular
shape having the radius r with respect to the center and the
outer periphery of the circular lens 7A, thereby cutting the
material to be processed 5 into the circular member having a
radius R (r=R, or r=R) as illustrated in FIG. 9.

In addition, as illustrated in FIG. 10, in the circular lens 7A,
alight shielding plate N having a light shielding material may
be attached to a hollow part of the lens. The light shielding
plate N having the light shielding material causes the laser
light from the light source not to be transmitted through the
lens. For example, a film-shaped or thin plate-shaped light
shielding plate may be employed. Specifically, a metal sheet
may be employed. In addition, a lens may be inserted into the
hollow surface portion 73 of the circular lens 7A. In this case,
the light shielding plate N may be made by applying a metal-
lic material to the lens.
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In addition, when the laser light from the light source
illuminates the lens, the laser processing apparatus 50 may
control the light not to illuminate the hollow part of the hollow
lens. Specifically, the laser processing apparatus 50 includes
a light guide path 35 which guides the laser light reflected by
the reflecting mirror 19 and an optical fiber 40 which causes
the laser light to be incident only on the incident surface
portion 70 of the circular lens 7A, and thus can control the
laser light to be incident only on the incident surface portion
70 of the circular lens 7A. Accordingly, the laser processing
apparatus 50 can control the laser light not to illuminate the
hollow surface portion 73 of the circular lens 7A. For
example, in order for the laser light to be incident only on the
incident surface portion 70 of the circular lens 7A, by opti-
mally arranging the reflecting mirror and other mirrors, the
laser processing apparatus 50 can control the laser light not to
illuminate the hollow surface portion 73.

Here, returning to the description of the flowchart illus-
trated in FIG. 8, the controller 30 determines whether or not to
cut a new circular member from the material to be processed
5 from which the circular member is cut. When the new
circular member is cut (Yes in Step 5), the controller 30 moves
the stage 1 to move the material to be processed 5 to a
desirable position to be cut into the new circular member
(Step 7). An image processing function installed in the PC 80
mounted, in the laser processing apparatus 50 can recognize
and process a position marked on the material to be processed
5, and according to the recognition result, the controller 30
may automatically move the stage. When the new circular
member is not cut (No in Step 5), the controller 30 determines
whether or not a member having a different shape is to be cut.

When the member having the different shape is cut from
the material to be processed 5 (Yes in Step 6), the lens may be
changed. In addition, the lens may be changed to a lens other
than the circular lens 7A (Step 8). On the other hand, when the
member having the different shape is not cut from the mate-
rial to be processed 5 (No in Step 6), the process is completed.

The laser processing apparatus 50 may be configured to
have a lens changing device (not illustrated) and change the
lens to a lens other than the circular lens 7A as described
above. For example, the laser processing apparatus 50 may
include a triangular lens 7D as illustrated in FIG. 12.

FIG. 12 is a diagram illustrating the structure of the trian-
gular lens 7D. As illustrated in FI1G. 12, the triangular lens 7D
is a triangular member having a closed curve. The triangular
lens 7D is molded so that a line CL that connects vertices of
acylindrical surface of'a convex cylindrical lens is arranged in
atriangular shape. As illustrated in FIG. 12, the convex cylin-
drical lens is formed to have the closed path so that the line CL.
chat connects the vertices of the cylindrical surface, which
correspond to respective center points (vertices of the cylin-
drical surface) of lines GL perpendicular to the cylindrical
surface from the center of the convex cylindrical lens, is
triangular. FIG. 12 is a plan view of the triangular lens 7D. By
molding the vertices of the cylindrical surface of the convex
cylindrical lens to have the triangular shape, the material to be
processed 5 can be cut into a triangular member.

FIG. 13 is a diagram illustrating a relationship with the
laser light which is incident on and exits from the triangular
lens 7D. The triangular lens 7D is a hollow lens including: an
incident surface portion 70 which is formed in the cylindrical
surface of the convex cylindrical lens and on which the laser
light emitted from, the light source 10 of the laser processing
apparatus 50 is incident; an exit surface portion 71 from
which the light emitted from the light source exits; an outer
surface portion 72 which is positioned in the outer surfaces of
the incident surface portion 70 and the exit surface portion 71;
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and a hollow surface portion 73 which is positioned in the
inner surfaces of the incident surface portion 70 and the exit
surface portion 71.

The laser processing apparatus 50 allows the laser light
from the light source 10 to be transmitted through the incident
surface portion 70 of the triangular lens 7D, transmitted
through the exit surface portion 71, and then converged and
thus process the triangular member having the same shape as
that of the line CL of'the triangular lens 7D illustrated in FI1G.
12 through laser processing. For example, when the material
of the material to be processed is glass, the laser processing
apparatus 50 can cut the triangular member through the laser
processing. For example, the laser processing apparatus 50
can easily cut a glass for protection of a cellphone or a por-
table electronic device into the triangular shape.

The light shielding material may be added to the lens of the
laser processing apparatus 50 so that, when the curvature of a
predetermined part of the member having the arbitrary shape
having the closed curve is high, the light from, the light,
source is not guided to a region of the predetermined part
positioned on the outer surface portion 72 side in the incident
surface portion 70 or the exit surface portion 71. For example,
as illustrated in FIG. 14, when the curvatures or three points
such as the corners of the triangular lens 7D are high, the light
shielding material M is added to the desirable regions of the
parts which are positioned on the outer surface portion 72 side
in the incident surface portion 70 or the exit surface portion 71
and have the high curvatures so as not to guide the light from
the light source 10 to the desirable regions. The light from the
light source 10 may not be allowed to exit from the lens by the
light, shielding material M. In addition, the light shielding
material may be added to a region of a part having a high
curvature of a star-shaped lens, a heart-shaped lens, an
S-shaped lens, or a lens having another shape other than the
above-described triangular lens.

In addition, like the circular lens 7A, the light shielding
material M may be provided in the hollow surface portion 73
of' the triangular lens 7D.

The laser processing apparatus 50 includes the lens chang-
ing device (not illustrated), and thus can cut the material to be
processed 5 into the triangular member by changing the lens
to the triangular lens 7D. In addition, the laser processing
apparatus 50 may use the star-shaped lens, the heart-shaped
lens, the S-shaped lens, or the lens having another shape other
than the circular lens and triangular lens described above.

In addition, the laser processing apparatus 50 may only
include any of the circular lens 7A and the triangular lens 7D
without the lens changing device (not illustrated).

According to the lens and the laser processing apparatus 50
equipped with the lens in the embodiment of the present
invention, since the lens is used which is molded to cause the
convex cylindrical lens to have the closed path so that the line
that connects the vertices of the cylindrical surface of the
convex cylindrical lens has the same form as the arbitrary
shape having the closed curve, when the material to be pro-
cessed is processed into the member having the arbitrary
shape having the closed curve through the laser processing,
time for the laser processing is reduced. In addition, when the
laser processing apparatus 50 processes the member having
the arbitrary shape having the closed curve through the laser
processing, a mechanism for rotating and moving the lens or
a mechanism for rotating and moving the stage 1 does not
need to be provided and thus a reduction in the size of the laser
processing apparatus itself can be achieved.

When the lens and the lens of the laser processing appara-
tus 50 equipped with the lens in the embodiment of the
present invention are the hollow lens including: the incident
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surface portion 70 which is formed in the cylindrical surface
of the convex cylindrical lens and on which the light emitted
from the light source of the laser processing apparatus 50 is
incident; the exit surface portion 71 from which the light
emitted from the light source exits; the outer surface portion
72 which is positioned in the outer surface of the incident
surface portion 70 and the exit surface portion 71; and the
hollow surface portion 73 which is positioned in the inner
surface of the incident surface portion 70 and the exit surface
portion 71, the light from the light source can converge in the
region where the member having the arbitrary shape having
the closed curve to be subjected to the laser processing is
processed.

When the lens and the lens of the laser processing appara-
tus 50 equipped with the lens in the embodiment of the
present invention are provided with the light shielding plate in
the hollow part of the hollow lens, the light from the light
source can be caused not to illuminate regions other than the
region where the member having the arbitrary shape having
the closed curve to be subjected to the laser processing is
processed.

When the lens and the laser processing apparatus 50
equipped with the lens in the embodiment of the present
invention control the light not to illuminate the hollow part of
the hollow lens when the light from the light source illumi-
nates the lens, light energy from the light source of the laser
processing apparatus can efficiently illuminate the member
having the arbitrary shape having the closed curve to be
subjected to the laser processing.

When the light shielding material is added to the lens and
the lens of the laser processing apparatus 50 equipped with
the lens in the embodiment of the present invention so that,
when the curvature of the predetermined part of the member
having the arbitrary shape having the closed curve is high, the
light from the light source is not guided to the region of the
predetermined part positioned on the outer surface portion
side in the incident surface portion or the exit surface portion,
the light from the light source can be allowed not to converge
on parts other than the predetermined part having the high
curvature. For example, as illustrated in FIG. 14, when the
curvatures of the three points such as the corners of the
triangular lens 7D are high, the light shielding material M is
added to the desirable regions of the parts which are posi-
tioned on the outer surface portion 72 side in the incident
surface portion 70 or the exit surface portion 71 and have the
high curvatures so as not to guide the light from the light
source to the desirable regions. The light from the light source
10 may not be allowed to exit from the lens by the light
shielding material M. In addition, the light shielding material
may be added to a region of a part having a high curvature of
a star-shaped lens, a heart-shaped lens, an S-shaped lens, or a
lens having another shape other than the above-described
triangular lens.

What is claimed is:

1. A lens which is mounted in a laser processing apparatus
for processing a material to be processed into a member
including an arbitrary shape having a closed curve, the lens
comprising:

aconvex cylindrical lens body molded to have a closed path
so that a line that connects vertices of a cylindrical
surface of the convex cylindrical lens body has the same
form as the arbitrary shape having the closed curve;

a hollow part in the convex cylindrical lens body, the hol-
low part having the same shape as the arbitrary shape;
and

a light shielding material disposed on an outer surface
portion side in an incident surface portion or an exit
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surface portion of the convex cylindrical lens body
where a curvature of a predetermined part of the convex
cylindrical lens body including the arbitrary shape hav-
ing the closed curve is high, so that a light from a light
source is not guided through a region of the predeter-
mined part.

2. A laser processing apparatus for processing a material
including an arbitrary shape having a closed curve, compris-
ing:

a lens which is molded to include:

a convex cylindrical lens body having a closed path so
that a line that connects vertices of a cylindrical sur-
face of the convex cylindrical lens body has the same
form as the arbitrary shape having the closed curve;

a hollow part in the convex cylindrical lens body, the
hollow part having the same shape as the arbitrary
shape; and

a light shielding material disposed on an outer surface
portion side in an incident surface portion or an exit
surface portion of the convex cylindrical lens body
where a curvature of a predetermined part of the con-
vex cylindrical lens body including the arbitrary
shape having the closed curve is high, so that a light
from a light source is not guided through a region of
the predetermined part.

3. The laser processing apparatus according to claim 2,

wherein the lens is a hollow lens including:

the incident surface portion which is formed in the cylin-
drical surface of the convex cylindrical lens body and
on which the light emitted from the light source of the
laser processing apparatus is incident;

the exit surface portion from which the light emitted
from the light source exits;

the outer surface portion which is positioned in outer
surfaces of the incident surface portion and the exit
surface portion; and

a hollow surface portion which is positioned in inner
surfaces of the incident surface portion and the exit
surface portion.

4. The laser processing apparatus according to claim 3,

wherein the lens is provided with a light shielding plate in
the hollow part of the hollow lens.

5. The laser processing apparatus according to claim 3,

wherein the laser processing apparatus controls the light
not to illuminate the hollow part of the hollow lens when
the light from the light source illuminates the lens.

6. The laser processing apparatus according to any one of

claims 2 to 5,

wherein the material including the arbitrary shape having
the closed curve is a circular member.

7. The laser processing apparatus according to any one of

claims 2 to 5,

wherein the laser processing apparatus cuts the material to
be processed into the member having the arbitrary shape
having the closed curve.

8. A lens configured for mounting in a laser processing
apparatus for processing a material into a member including
a predetermined shape having a closed curve, the lens com-
prising:

a convex cylindrical lens body having a cylindrical surface
and a closed curve, a line that connects vertices of the
cylindrical surface forming the same predetermined
shape as the member,

wherein the cylindrical surface includes an incident sur-
face portion on which a light emitted from a light source
is incident, and an exit surface portion from which the



US 9,310,531 B2
11

light incident on the incident surface portion exits the
convex cylindrical lens body, and

a light shielding material disposed on at least one of the
incident surface portion and the exit surface portion at at
least one portion of the convex cylindrical lens body 5
where a curvature of the predetermined shape formed by
the line is high, the light shielding material blocking the
light so that the light is not guided through the at least
one portion of the convex cylindrical lens body.
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